Background: Although IL-12 has been widely accepted to play a central role in the control of pathogen infection, the use of recombinant IL-12 (rIL-12) as a vaccine adjuvant has been known to be ineffective because of its rapid clearance in the body. Methods: To investigate the effect of sustained release of IL-12 in vivo in the peptide and protein vaccination models, rIL-12 was encapsulated into poly ( DL -lactic-co-glycolic acid) (PLGA). Results: We found that codelivery of IL-12-encapsulated microspheres (IL-12EM) could dramatically increase not only antibody responses, but also antigen-specific CD4 + and CD8 + T cell responses. Enhanced immune responses were shown to be correlated with protective immunity against influenza and respiratory syncytial virus (RSV) virus challenge. Interestingly, the enhancement of CD8 + T cell response was not detectable when CD4 + T cell knockout mice were subjected to vaccination, indicating that the enhancement of the CD8 + T cell response by IL-12EM is dependent on CD4 + T cell "help". Conclusion: Thus, IL-12EM could be applied as an adjuvant of protein and peptide vaccines to enhance protective immunity against virus infection. (Immune Network 2007;7(4): [186][187][188][189][190][191][192][193][194][195][196] 
Introduction
Cell-mediated immunity with cytotoxic T lymphocytes (CTL) immune response plays a key role in protection against pathogenic virus infection, but is barely induced by proteins. Although DNA and recombinant virus vaccines are known to efficiently induce Th1 and CTLs, protein and peptide vaccines are inefficient for inducing CD8 + and CD4 + T cell responses, respectively.
Therefore, the advancement of good adjuvants promoting cell-mediated immunity is one of the major concerns for developing effective subunit vaccines against viral diseases. IL-12 has been shown to have potent activity as an immune-activating agent for treatment of tumors and infectious diseases, and is also regarded as an adjuvant in prophylactic and therapeutic vaccines against viral diseases (1, 20) . However, the use of recombinant IL-12 protein in vivo as an adjuvant of protein or peptide vaccines was insufficient in improving antigen-specific T cell responses. Lindblad et al. reported that the addition of IL-12 into a TB subunit vaccine could amplify T cell response in a dose-dependent manner and pro-mote a protective immune response against a virulent challenge (30) . However, no improvement was observed in terms of long-term efficacy, suggesting that rIL-12 may exert a transient effect (30) . Similar results have been found by other investigators for subunit vaccines against L. major (15) and T. gondii (43) . Regarding the action mechanism of IL-12, it was demonstrated that the persistence of IL-12 is crucial for maintenance and initiation of cell-mediated immunity (15) .
Biodegradable polymeric microspheres as injectable depots for protein and peptide drugs have been extensively investigated for the past two decades (27) and used in humans for drug delivery (28) , cancer chemotherapy (21) and vaccination with antigenic peptides (35) . Although these delivery systems were initially developed for sustained delivery of low molecular weight therapeutics, advances in encapsulation technologies and protein stabilization have led to the successful encapsulation of a number of bioactive macromolecules, including immunostimulatory cytokines (36) . The use of IL-12 encapsulated microspheres (IL-12EM) could achieve local and sustained expression of IL-12 to overcome the rapid clearance of IL-12 protein in vivo. As expected, the sustained release of IL-12 from the microspheres was superior to the injection of rIL-12 in the regression of primary tumor and prevention of metastatic spread to the lungs (12) . However, the immunemodulating effect of IL-12EM is not yet clear in terms of induction of antigen-specific antibody and T cell responses.
In this study, we found that IL-12EM could significantly enhance CD4 + and CD8 + T cell responses, as well as antibody responses in protein and peptide vaccines; these responses are dependent on the CD4 + T cells "help". In addition, the enhanced immune responses are closely associated with protection against RSV and influenza virus challenge. Thus, we propose that IL-12EM may be used as a T cell adjuvant for peptide and protein vaccines. The secondary emulsion was rapidly stirred and the solvent was allowed to evaporate at room temperature (RT) for 3 h. IL-12-loaded microspheres were collected by filtration and washed with deionized water. The microspheres were then freeze-dried under vacuum ( 49 o C and ＜1 umHg) using a standard freeze-drier after freezing in liquid nitrogen or dried in a vacuum oven (Precision Scientific, Chicago, IL) at RT. Scanning electron micrographs demonstrated that the microspheres were 10∼50 um in diameter. Recombinant mouse IL-12 protein and RIA-grade BSA were obtained from R&D Systems Inc. (Minneapolis, MN) and Sigma-Aldrich Co. (St. Louis, MO), respectively. PLGA having a 50/50 M composition of lactic/glycolic acid and MW 10,000 (RG502H) was purchased from Boehringer Ingelheim (Germany). Pluronic L121 was the product of BASF (Parsippany, NJ). HPLC-grade DCM and methanol were obtained from Merck (Germany). Hydranal composite 5, PVA (88% hydrolyzed, MW 25,000) was the product of Sigma-Aldrich (St. Louis, MO). ELISA. The levels of anti-S and anti-HA IgG antibodies (Abs) in the serum were monitored at different time points by ELISA as described (34, 44) . 0.1 ug/ml of HBsAg or 2 ug/ml of influenza HA in PBS was used as coating antigen. For semi-quantitative determination of anti-S and anti-HA antibody responses, endpoint titration of antibodies was performed with three-fold serial dilutions. Positive cutoff was set to have a higher absorbance than that of preimmune sera plus three standard deviations. The levels of IL-12p70 in the serum were measured using 'Quantikine Immunoassay kits' (M1270, R&D systems). Lymphocytes isolation. Spleens were harvested from mice at various times after immunization or challenge, mechanically disrupted, passed through a 100-μm pore size cell strainer, and treated with buffered ammonium chloride solution to lyse the erythrocytes. Lung lymphocytes were isolated as previously described (7) . Magnetic bead separation of CD8 + T cells. CD8 + T cells were purified from vaccinated mice by positive selection. In brief, splenocytes or lung lymphocytes were prepared and incubated with anti-CD8 magnetic beads (Miltenyi Biotec) at 50 ul/10 8 total cells in 500 ul of magnetic bead separation (MACs) buffer (PBS supplemented with 2 mM EDTA and 0.5% BSA) for 15 min at 4 o C. Cells were washed with MACs buffer, resuspended in 500 ul MACs buffer and loaded onto pre-equilibrated MS + MACs column placed in a MACs separation unit. After washing, the magnetically bound cells were eluted from the column with the supplied plunger. ELISPOT assay. ELISPOT assay was performed as described before (34) . Splenocytes or lung lymphocytes were applied to plates with stimulants. The number of responsive cells was calculated by subtracting the mean number of spots induced in the absence of the peptide pool from that in the presence of the stimulants. The IFN-γ ELISPOT responses to medium controls were consistently ＜10% of the responses to peptide stimulation (data not shown). Flow cytometry and tetramer staining. RSV MHC class-Ipeptide tetramers were produced as described previously (2) . RSV M2/82-90-specific tetramer positive cells were determined as previously described (7) . To determine the number of influenza-specific IFN-γ-producing cells by intracellular cytokine staining, 2×10 6 freshly explanted lung lymphocytes were stimulated with influenza HA peptide (IYSTVASSL) for 5 h at 37 o C in the presence of Brefeldin A, washed, surfaced stained with anti-CD8 antibody at 4 o C and fixed/permeabilized using Fix/perm solution (FACSLyze (BD) diluted to 2× concentration with DW and 0.05% Tween 20 (Sigma)). Cells were washed once and incubated at room temperature with directly conjugated antibodies specific for IFN-γ. Cells were washed and resuspended in PBS containing 1% paraformaldehyde. Dead cells were excluded on the basis of forward and side light scatter. Data were analyzed using CellQuest (BD Biosciences) and WinMDI software. All fluorochrome-conjugated monoclonal Abs were purchased from BD PharMingen (San Diego, CA). Virus challenge. Immunized mice were challenged with RSV or influenza viruses as described (7, 29) . In brief, M2/82-90 peptide-immunized mice were lightly anesthetized with 2：1 mixture of ether and chloroform, and intranasally infected with 1×10 6 pfu of RSV viruses.
Materials and Methods
For measurement of mouse weights, mice were monitored daily. Influenza HA-immunized mice were intranasally infected with 100 LD 50 of mouse-adapted PR/8 /34 influenza virus which corresponded to approximately 1600 plaque forming units (pfu). These viruses were plaque purified and grown in a MDCK cell line in order to maintain maximum virulence. The infected mice were then monitored every day to detect pathological conditions and for vitality after challenge. Statistical analysis was performed by Fisher's exact test.
Results

Encapsulation of IL-12 into PLGA increases CD8 + T cell responses in RSV peptide vaccination.
To investigate the effect of IL-12EM as an adjuvant for subunit vaccine, rIL-12 protein was encapsulated into poly (DL-lacticco-glycolic acid) (PLGA) as a biodegradable microsphere in order to achieve the sustained release of IL-12. Recombinant IL-12 was encapsulated at a ratio of 40 ng of IL-12 per 1 mg of microspheres. To determine the in vivo phamacokinetics of IL-12 from r-IL-12 and IL-12EM, BALB/c mice (n=2/each group) were injected intranasally, subcutaneously or intramuscularly with rIL-12 or IL-12EM containing the same amount of IL-12 (0.5 ug). At the indicated time points after injection (6 h, 12 h, 1 d, 2 d, 3 d, 4 d, 6 d, 8 d and 10 d), IL-12 concentrations in sera were measured using α-IL-12p70 ELISA (Fig. 1 ). As expected, a peak level of IL-12 in the mice injected with rIL-12 was observed within 12 h, and then its level was rapidly declined. In contrast, the release of IL-12 from IL-12EM was relatively slow, but persisted over 10 days, indicating that controlled release of IL-12 could be achieved in vivo by using PLGA encapsulation (Fig. 1) .
In order to compare the adjuvant effect of IL-12EM with rIL-12 upon the induction of virus-specific CD8 + T cell activity, BALB/c mice (n=9/group) were immunized intranasally twice at intervals of two weeks with 20 ug of H-2 d restricted CTL epitope of respiratory syncytial virus (RSV) M2 protein (M2/82-90, SYIGSI NNI) plus 0.1 ug of rIL-12 (group 3) or IL-12EM (containing 0.1 ug of rIL-12) (group 4). Groups injected with M2 peptide alone (group 1) or M2 peptide plus mock-microspheres (group 2) were included as control groups. At two weeks after boost immunization, the frequency of CD8 + T cell gated RSV M2/82-90 specific-CD62L-T cells in lung lymphocytes were measured by MHC tetramer staining ( Fig. 2A ). Group 1 and 2 did not show any significant M2/82-90-specific CD8 + T cell response, compared to naïve group. These results indicate that M2 peptide alone is not immunogenic in our experimental conditions and that mockmicrosphere itself does not augment the peptide vaccineinduced immune responses. As expected, M2/82-90 peptide plus rIL-12 (group 3) showed a slightly enhanced M2/82-90-specific CD8 + T cell response. However, these CD8 + T cell responses were dramatically enhanced by encapsulation of IL-12 in to PLGA (group 4) (1.08% vs. 8.45%) ( Fig. 2A) .
To address whether the enhanced CD8 + T cell response by codelivery of rIL-12EM is correlated with better protection against virus challenge, the immunized mice (n=5/group) were challenged with 1×10 6 PFU of RSV at 4 weeks after boost immunization. When weight loss as a disease score was measured daily followed by the RSV challenge, mice immunized with M2/82-90 peptide plus IL-12EM (group 4) showed significantly reduced loss in body weight compared to other groups (Fig. 2B ). Collectively, these results demonstrate that co-administration of rIL-12EM can significantly enhance the antigen-specific CD8 + T cell response and thus protection against respiratory virus infection compared to codelivery of rIL-12 protein. alone, HBsAg plus mock-microsphere, or HBsAg plus mock-microsphere plus rIL-12 were included as controls.
Codelivery of IL-12EM increases both antibody and CD8
When we checked the levels of anti-S total IgG, IgG1, and IgG2a by ELISA using sera obtained at 5 weeks after immunization, mice injected with HBsAg alone showed significant anti-S total IgG and IgG1 responses, but not anti-S IgG2a responses, which may result from Th2-shifted immunity driven by alum in commercial HBV vaccine (Fig. 3A) . As expected, mice injected with HBsAg plus mock microspheres (group 2) showed similar levels of antibody response compared with those injected with HBsAg alone, indicating that microspores alone have no immune-modulating effect. Codelivery of rIL-12 (group 3) showed slightly increased levels of anti-S total IgG, which is statistically insignificant (p＞0.1). In terms of IgG2a response, 2 out of 10 mice in group 3 were seroconverted. Interestingly, the codelivery of IL-12EM (group 4) significantly enhanced total IgG, IgG1, and IgG2a responses specific to HBV S antigen compared to other groups ( Fig. 3A & 3B ). More specifically, mice injected with HBsAg plus IL-12EM showed 9 times higher anti-S IgG1 endpoint titer compared to other groups of mice. This is consistent with the previous results that codelivery of rIL-12 increases antigen-specific IgG1 antibody response and IgG2a response (6) . In terms of the anti-S IgG2a response, group 4 showed a seroconversion rate of 90% (9/10), and its response was found to be 100~2000 times stronger than that observed for other groups (Fig. 3A & 3B ). In addition, mice in group 4 showed the highest ratio of IgG2a to IgG1, suggesting the induction of strong Th1 immunity ( Fig. 3B-3) .
To investigate the adjuvant effect of IL-12EM on the induction of long-term CD8 + T cell response, the IFN-γ ELISPOT assay for HBV S-specific CTL epitope (S28-39, H-2 d -restrcied CTL epitope against HBVS protein : IPQSLPSWWTSL) at 13 weeks after immunization was performed using purified CD8 + T cells from the spleen (Fig. 3C ). CD8 cells from naïve mice as a negative control exhibited no significant IFN-γ production in the presence of the peptide. Immunization with HBsAg alone was capable of inducing some CD8 + T cell responses, which is consistent with the findings of a previous report (42) . Codelivery of rIL-12 or mock microspheres did not have any effect on HBsAg-specific CD8 + T cell response. However, codelivery of IL-12EM resulted in an exceedingly increased HBV S-specific CD8 + T cell response. These enhanced HBsAg-specific CD8 + T cell responses were observed until week 24 post-vaccination (data not shown); these findings are in good agreement with the previous report that the codelivery of IL-12 DNA elicited sustained memory CD8 T cell responses (16) . Thus, our results indicate that the codelivery of IL-12EM was effective in the enhancement of both antibody and CD8 + T cell responses in protein vaccination, such as HBsAg. tigate whether codelivery of IL-12EM could result in enhanced immune responses in other types of protein vaccine such as influenza HA protein and increased protection against virus challenge, BALB/c mice (n= 10∼13/group) were immunized intramuscularly two times, at intervals of two weeks with 9 ug of commercially available influenza HA subunit vaccine (LG Lifescience, Republic of Korea) plus IL-12EM (containing 0.1 ug of rIL-12) (group 3). Groups injected with HA vaccine alone (group 1) and HA plus mock micro-spheres plus 0.1 ug of rIL-12 (group 2) were included as control groups. As expected, group 2 mice showed slightly higher anti-HA antibody titers than group 1 mice. In addition, group 3 mice showed the highest anti-HA antibody titers and ratio of IgG2 to IgG1, which is similar with HBsAg vaccine (Fig. 4A) .
Codelivery of IL-12EM increases protection against virus challenge in influenza HA protein vaccination. To inves-
To investigate whether the immune responses enhanced by codelivery of IL-12EM can lead to increased protection against influenza infection, the immunized mice were challenged with lethal doses of semi-homol- Figure 5 . Enhancement of CD8 + T cell responses by IL-12EM is dependent on CD4 + T cell "help" in protein vaccination. C57BL/6 wildtype (group 1 and group 2) and CD4 + T cell knockout mice (group 3 and group 4) were immunized intramuscularly two times at intervals of two weeks as follows; Group 1: HA (9 ug), Group 2: HA (9 ug) + IL-12EM (0.1 ug), Group 3: HA (9 ug), Group 4: HA (9 ug) + IL-12EM (0.1 ug). (A) At 3 weeks after boost immunization, CD4 + and CD8 + T cell responses were measured by IFN-γ ELISPOT assay stimulated with recombinant HA protein and CTL epitopes, respectively. (B) At 3 weeks after boost immunization, anti-HA total IgG antibody responses were determined using ELISA. Ab responses were expressed as absorbance at 450 nm. ogous influenza virus (H1N1, A/PR8/34 strain) at 11 weeks after boost immunization (Fig. 4B) . As a negative control, naïve mice showed a survival rate of 0% (0/5) within 5 days after influenza challenge. Group 1 and group 2 mice showed slightly enhanced survival rates compared with the naive group (20%, 2/10 and 14%, 1/7, respectively). As expected, group 3, which was injected with HA plus IL-12EM, showed a significantly enhanced survival rate (63%, 5/8), and this difference was statistically significant (group 1 vs. group 3, p＜0.02). To examine the correlation between survival rate after virus challenge and vaccine-induced T cell immunity, splenocytes and lung lymphocytes were prepared from the challenged mice of each group (n=3/group) at 3 days after virus challenge. HA-specific CD8 + T cell responses were measured by IFN-γ intracellular staining and ELISPOT assay stimulated with HA-specific CTL epitope (HA533-541, H-2 d -restriced CTL epitope against influenza HA protein : IYSTVASSL) ( Fig. 4C & 4D) . Interestingly, group 3 showed a stronger HA-specific peripheral CD8 + T cell response in the lung, the primary influenza infection site, compared to group 1 and group 2 (19.1% vs. 0.74%/0.77%) (Fig. 4C ). Similar to the results obtained in lung lymphocytes, the number of IFN-γ-producing CD8 + T cells specific to HA CTL epitope in splenocytes were increased approximately 14~50-fold compared to group 1 and group 2 (Fig. 4D) , implying that the enhanced HA-specific CD8 + T cell response by codelivery of IL-12EM might promote viral clearance. Enhancement of CD8 + T cell responses by IL-12EM is dependent on CD4 + T cell "help" in protein vaccination. To examine the underlying mechanism related to the enhancement of Ag-specific CD8 + T cell responses by codelivery of IL-12EM in protein vaccination, C57BL /6 wildtype (group 1 and group 2) and CD4 + T cell knockout mice (group 3 and group 4) were immunized intramuscularly two times at intervals of two weeks as follows; Group 1: HA (9 ug), Group 2: HA (9 ug) + IL-12EM (0.1 ug), Group 3: HA (9 ug), Group 4: HA (9 ug) + IL-12EM (0.1 ug). As expected, when HA-specific CD4 + and CD8 + T cell responses were measured by IFN-γ ELISPOT assay, group 2 mice showed significantly enhanced HA-specific CD4 + and CD8 + T cell responses compared to group 1 mice (Fig. 5A ). However, these enhancements were completely absent in CD4 + T cell knockout mice (group 3 vs. group 4) ( Fig. 5A) . These results indicate that the enhancement of the CD8 + T cell response by IL-12EM in protein vaccines appears to depend on the CD4 + T cells "help".
In terms of anti-HA antibody responses, the codelivery of IL-12EM (group 2) significantly enhanced total IgG responses specific to HA antigen in C57BL/6 mice (Fig. 5B ). In addition, this effect was also observed in CD4 + T cell knockout mice (group 4), although the increased response resulting from codelivery of IL-12EM was lower in CD4 + T cell knockout mice than in C57BL/6 mice. This result indicates that enhancement of Ab responses by IL-12EM is partially independent on CD4 + T cell "help" than that of CD8 + T cell responses.
Discussion
Our data indicate that the biodegradable IL-12EM in peptide and protein vaccines can dramatically enhance antigen-specific CD8 + T cell as well as antibody responses. Although the importance of IL-12 in the control of infection has been widely accepted, at present, recombinant IL-12 has not been regarded as an effective vaccine adjuvant because of its transient effect. It is worth noting that this limitation of recombinant IL-12 as a vaccine adjuvant can be overcome by the use of IL-12EM. A precondition for the successful implementation of subunit vaccine may lie in the generation of long-term immunological memory response. This point has been a particular cause of concern in the development of an effective protein vaccine, since protein vaccines could induce high levels of immunity immediately after vaccination; followed by rapid diminishment of vaccine-induced immunity over time. It is worth noting that significant levels of HBsAg-specific CD8 + T cell responses were maintained up to 24 weeks after immunization by codelivery of IL-12EM in mice injected with HBsAg (data not shown), which might be caused by to the sustained existence of IL-12 from microspheres. It is supported by a previous report that long-term expression of IL-12 was able to maintain the memory T cell response for a longer period of time (15) . Our results suggested that enhanced CD4 + T cell responses by codelivery of IL-12EM play an essential role in the induction of strong and sustained CD8 + T cell responses in protein vaccination. It was reported that tumor, viral, and minor transplantation antigens are known to enter the class I-restricted antigen presentation pathway through "cross-presentation" under certain circumstances (25) . While the priming of CTL to certain viruses or antigens via cross-presentation occurred in the absence of CD4 + T cell "help" (19, 39) , the majority of CTL priming by cross-presentation appears to be facilitated by the participation of CD4 + T cell "help" (13, 14, 40) , which agrees well with our results that enhanced CD8 + T cell responses to protein antigen by IL-12EM completely disappeared in CD4 + T cell knockout mice. In order for APCs to cross-prime exogenous antigens, APCs were need to be activated by stimuli such as immune complex (11), CD4 + T cell help via CD40-CD40L interaction (37) , TLR ligands (10) or other undefined signals (33) . Among them, "licensing" of APCs by Th1 CD4 + T cells leads to the release of exogenous antigens from endocytic vesicles into their cytosol for efficient class I cross-presentation (4, 32, 38) . Recently, we demonstrated that protein vaccine-induced Th1 CD4 + T cell response was dramatically increased by codelivery of IL-12EM (17), which is consistent with a previous report that sustained IL-12 signaling is required for Th1 development (3). IL-12 was well known to promote IFN-γ secretion from CD4 + T cells which, in turn, potently stimulate APC for further production of IL-12 by positive feedback loop, resulting further increased generation of Th1 CD4 + T cells (24, 31) . Thus, it is likely that sustained IL-12 signaling by IL-12EM might contribute to altering the function of APC for cross-priming to exogenous antigens via enhanced Th1 CD4 + T cell responses.
Regarding the enhanced antibody responses by IL-12EM, it was reported that IL-12 directly affects humoral immunity by the binding of IL-12 to IL-12 receptor on B lymphocytes (41), suggesting the possible underlying mechanism about the partial dependence of CD4 + T cell responses (Fig. 5B ). However, in case of RSV peptide vaccine model, action mechanisms related to the increased RSV M2-specific CTL responses by codelivery of IL-12EM might be different from protein vaccine, since CD8 + CTL induction by peptide vaccine does not require "cross-priming" pathway. As, it has been suggested that appropriate inflammatory and/or other danger signals are necessary to stimulate naive CTL precursors in response to CTL epitope peptide (5, 23, 26) and IL-12 has been suggested as a "danger signal" for the activation of naive CD8 + T cells (9), it is likely that sustained release of rIL-12 may result in the activation of naive CD8 + T cells to induce CTL responses to peptide antigen. It was reported that low doses of native HBsAg lipoprotein particles without adjuvants applied to H-2 d mice could prime CTL by "cross-priming" in a CD4 + T cell-dependent manner (42) . Since commercially available HBV vaccine used in this experiment (Hepavax, Greencross Co., Republic of Korea) contains alum hydroxide, the CD4 + T cell response might be shifted to the Th2 typed-immune response, resulting in inefficient priming of CTLs against HBsAg. In this re-gard, it is interesting to note that CD8 + T cell responses induced by HBsAg plus alum hydroxide are not as high as those seen in the previous report (42) .
Considering that IL-12 is known to be a strong Th1 vaccine adjuvant, Th2-shifted immunity driven by alum could be circumvented by in vivo persistence of IL-12. Thus, combination of IL-12EM and alum hydroxide might be a promising strategy for efficient enhancement of the CD8 + T cell response, as well as the antibody response in the protein vaccine model. Another novel approach for achieving in vivo persistence of rIL-12 is IL-12 DNA vaccination. It has been reported that protein and peptide vaccines induced efficient CTL activity by codelivery of IL-12 DNA vaccine compared to IL-12 protein (15, 18) . To compare the relative adjuvant effect between IL-12EM and IL-12 DNA, the anti-S antibody responses (total IgG, IgG1, and IgG2a) were investigated after vaccination with HBsAg plus IL-12EM or IL-12 DNA vaccine. Codelivery of IL-12 DNA or IL-12EM significantly enhanced anti-S total IgG, IgG1, and IgG2a antibody responses compared to HBsAg alone (data not shown). However, the adjuvant effect of IL-12 DNA appeared to be significantly lower than that of IL-12EM, presumably due to the low level of in vivo IL-12 expressed by IL-12 DNA (data not shown).
In conclusion, we showed that codelivery of IL-12EM enhanced both the antibody and CD8 + T cell responses that lead to protection against challenge with viruses such as RSV and influenza virus. This is the first report to demonstrate that IL-12EM as an adjuvant of protein or peptide vaccine is effective in inducing a strong antigen-specific CD8 + T cell response as well as protection against virus infection. Thus, IL-12EM as an novel vaccine adjuvant is worth further clinical investigation wherein dramatically increased long-lasting CTL as well as antibody responses are predicted to improve preventive efficacy of current protein-based vaccine. Furthermore, the same approach may be applicable to cancer or other infectious viral diseases such as HCV and HIV. Thus, this promising results may lay the groundwork for introducing more effective subunit vaccines in the near future.
